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(54) No-battery information storage medium capable of efficiently transmitting data 



(57) A no-battery information storage medium ( 1 00) 
has a radio communication function of receiving power 
while receiving an externally transmitted radio wave as 
modulated data, and transmitting data outside the 
medium. One transmission/reception antenna coil (101) 
performs transmission/reception. A first full-wave recti- 
fying circuit (11) is constituted by four rectifying ele- 
ments connected to each other, by bridging connection 
and connected to the two terminals of the transmis- 
sion/reception antenna coil (101). A second full-wave 
rectifying circuit (14) is constituted by four rectifying ele- 
ments, including two shared rectifying elements of the 
four rectifying elements constituting the first full-wave 



102. 




rectifying circuit (11), connected to each other by bridg- 
ing connection and connected to the two terminals of 
the transmission/reception antenna coil (101). A power 
generating means (103) is connected to the output of 
the first full-wave rectifying circuit to generate power to 
be used inside the information storage medium (100). A 
transmission control means (105) is connected to the 
output of the second full-wave rectifying circuit (14) to 
substantially change a current in the transmis- 
sion/reception antenna coil in accordance with trans- 
mission data, thereby transmitting the data. 
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Description 

The present invention relates to an information stor- 
age medium and, more particularly, to a portable no- 
battery information storage medium having a radio com- 
munication function, e.g., a no-battery radio card or a 
no-battery radio tag. 

Recently, a so-called no-battery radio card has 
been developed and put to practical use as a portable 
no-battery information storage medium having a radio 
communication function. 

In a radio card system using radio cards of this 
type, a radio card reader/writer is used to perform radio 
transmission/reception between radio cards so as to 
perform predetermined information processing, e.g., 
transmission of power and transmission/reception of 
data, with respect to the radio cards. 

In such a conventional radio card, a circuit having 
an arrangement like the one shown in FIG. 7 or 8 is 
known as a scheme for modulating data and transmit- 
ting the modulated data to the radio card reader/writer 
while receiving power transmitted by radio waves from 
the radio card reader/writer. 

The circuit shown in FIG. 7 will be described. Refer- 
ence numeral 1 denotes the transmission/reception 
antenna coil of a radio card. 

A capacitor 2 and the AC input terminals of a full- 
wave rectifying circuit 3 constituted by diodes D1 to D4 
connected to each other by bridging connection are 
connected to the two terminals of the transmis- 
sion/reception antenna coil 1. 

One DC output terminal (negative side) of the full- 
wave rectifying circuit 3 is grounded, and the other DC 
output terminal (positive side) is connected to a stabiliz- 
ing power supply section 5 through a diode 4 with the 
polarities shown in FIG. 7. 

The stabilizing power supply section 5 generates 
power to be supplied to the respective portions in the 
radio card. 

A smoothing capacitor 6 is connected between 
ground and the node of the diode 4 and the stabilizing 
power supply section 5. 

The collector of an npn transistor 7 is connected to 
the node of the full-wave rectifying circuit 3 and the 
diode 4. 

The emitter of the npn transistor 7 is grounded 
through a resistor 8. Transmission data is input to the 
base of the transistor 7. 

The circuit shown in FIG. 8 will be described below. 
Reference numeral 1 denotes the transmission/recep- : 
tion antenna coil of a radio card. 

A capacitor 2 and the AC input terminals of a full- 
wave rectifying circuit 3 constituted by diodes D1 to D4 
connected to each other by bridging connection are 
connected to the two terminals of the transmis- < 
sion/reception antenna coil 1. 

One DC output terminal (negative side) of the full- 
wave rectifying circuit 3 is grounded, and the other DC 



output terminal (positive side) is connected to a stabiliz- 
ing power supply section 5. 

"me stabilizing power supply section 5 generates 
power to be supplied to the respective portions in the 
5 radio card. 

A smoothing capacitor 6 is connected between 
ground and the node of the diode 4 and the stabilizing 
power supply section 5. 

A series circuit of a resistor 9 and a transistor (FET) 
10 10 is connected to the two terminals of the transmis- 
sion/reception antenna coil 1 . 

Transmission data is input to the gate of the transis- 
tor 10. 

In the circuit scheme in FIG. 7, transmission data is 
15 input to the node of the full-wave rectifying circuit 3 and 
the diode 4 through the npn transistor 7 to perform 
transmission. 

In this case, however, when a radio wave is 
received and rectified by the transmission/reception 
20 antenna coil 1 and smoothed by the capacitor 6, and a 
power supply voltage is obtained from the radio wave by 
the stabilizing power supply section 5, a voltage drop 
(0.7V or higher), i.e., a voltage loss, occurs in the diode 
4. 

25 When the respective portions in the radio card are 
to be operated at 3V or lower, about 2V, this voltage 
drop in the diode 4 cannot be neglected. 

The power transmitted from the radio card 
reader/writer must be increased by the amount corre- 
30 sponding to this voltage drop loss. Such an increase in 
power is not desirable when power transmission is per- 
formed by using weak radio waves without requiring any 
license based on the Radio Law. 

In the circuit scheme in FIG. 8, the transistor 10 is 
35 turned on/off in accordance with transmission data to 
apply load variations to the transmission/reception 
antenna coil 1 through the resistor 9, thereby perform- 
ing transmission. 

In this case, however, since transmission is per- 
40 formed while radio waves required to generate power 
are received from the radio card reader/writer, a voltage 
having an amplitude twice or more that of a rectifying 
power output from the full-wave rectifying circuit 3 is 
applied between the two terminals of the transistor 10, 
45 posing a problem in the formation of a one-chip IC or the 
like in terms of breakdown voltage. 

Furthermore, in the circuit scheme in FIG. 8, since 
positive and negative voltages with respect to the refer- 
ence potential (ground potential) of generated power 
so are applied to the switching transistor 10, a switching 
operation is difficult to perform 

It is, therefore, an object of the present invention to 
provide a no-battery information storage medium hav- 
ing a radio communication function of capable of effi- 
>s ciently generating power to be used inside from 
received radio waves, and efficiently transmitting data 
while sharing some rectifying elements of a full-wave 
rectifying circuit. 
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According to an aspect of the present invention, 
there is provided a no-battery information storage 
medium having a radio communication function of 
receiving power while receiving an externally transmit- 
ted radio wave as modulated data, and transmitting data 
outside the information storage medium, comprising: 

one transmission/reception antenna coil for per- 
forming transmission/reception; 
a first full-wave rectifying circuit constituted by four 
rectifying elements connected to each other by 
bridging connection and connected to two terminals 
of the transmission/reception antenna coil; 
a second full-wave rectifying circuit constituted by 
four rectifying elements, including two shared recti- 15 
fying elements of the four rectifying elements con- 
stituting the first full-wave rectifying circuit, 
connected to each other by bridging connection 
and connected to the two terminals of the transmis- 
sion/reception antenna coil; 20 
power generating means, connected to an output of 
the first full-wave rectifying circuit, for generating 
power to be used inside the information storage 
medium; and 

constant-current driver means, connected to an 25 
output of the second full-wave rectifying circuit, for 
performing transmission by extracting a predeter- 
mined current from an output from the second full- 
wave rectifying circuit in accordance with transmis- 
sion data. 30 

According to another aspect of the present inven- 
tion, there is provided a no-battery information storage 
medium having a radio communication function of 
receiving power while receiving an externally transmit- 35 
ted radio wave as modulated data, and transmitting data 
outside the information storage medium, comprising: 

one transmission/reception antenna coil for per- 
forming transmission/reception; 40 
a first full-wave rectifying circuit constituted by four 
rectifying elements connected to each other by 
bridging connection and connected to two terminals 
of the transmission/reception antenna coil; 
a second full-wave rectifying circuit constituted by 45 
four rectifying elements, including two shared recti- 
fying elements of the four rectifying elements con- 
stituting the first full-wave rectifying circuit, 
connected to each other by bridging connection 
and connected to the two terminals of the transmis- so 
sion/reception antenna coil; 
power generating means, connected to an output of 
the first full-wave rectifying circuit, for generating 
power to be used inside the information storage 
medium; and 55 
switching means which is connected to an output of 
the second full-wave rectifying circuit and turned 
on/off in accordance with transmission data to 



change a current in the transmission/reception 
antenna coil in accordance with the transmission 
data, thereby transmitting the data. 

5 According to still another aspect of the present 

invention, there is provided a no-battery information 
storage medium having a radio communication function 
of receiving power while receiving an externally trans- 
mitted radio wave as modulated data, and transmitting 
70 data outside the information storage medium, compris- 
ing: 

first and second transmission/reception antenna 
coils for performing transmission/reception; 
a first full-wave rectifying circuit constituted by four 
rectifying elements connected to each other by 
bridging connection and connected to two terminals 
of the transmission/reception antenna coil; 
a second full-wave rectifying circuit constituted by 
four rectifying elements, including two shared recti- 
fying elements of the four rectifying elements con- 
stituting the first full-wave rectifying circuit, 
connected to each other by bridging connection 
and connected to the two terminals of the transmis- 
sion/reception antenna coil; 
a third full-wave rectifying circuit constituted by four 
rectifying element connected to each other by 
bridging connection and connected to two terminals 
of the second transmission/reception antenna coil; 
a fourth full- wave rectifying circuit constituted by 
four rectifying elements, including two shared recti- 
fying elements of the third rectifying elements con- 
stituting the first full-wave rectifying circuit, 
connected to each other by bridging connection 
and connected to the two terminals of the second 
transmission/reception antenna coil; 
power generating means, connected to outputs of 
the first and third full-wave rectifying circuits, for 
generating power to be used inside the information 
storage medium; and 

first and second constant-current driver means, 
connected to outputs of the second and fourth full- 
wave rectifying circuits, for performing transmission 
by extracting predetermined currents from outputs 
from the second and fourth full-wave rectifying cir- 
cuits in accordance with identical transmission 
data. 

According to further still another aspect of the 
present invention, there is provided a no-battery infor- 
mation storage medium having a radio communication 
function of receiving power while receiving an externally 
transmitted radio wave as modulated data, and trans- 
mitting data outside the information storage medium, 
comprising: 

first and second transmission/reception antenna 
coils for performing transmission/reception; 
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a first full-wave rectifying circuit constituted by four 
rectifying elements connected to each other by 
bridging connection and connected to two terminals 
of the transmission/reception antenna coil; 
a second full-wave rectifying circuit constituted by 5 
four rectifying elements, including two shared recti- 
fying elements of the four rectifying elements con- 
stituting the first full-wave rectifying circuit, 
connected to each other by bridging connection 
and connected to the two terminals of the transmis- w 
sion/reception antenna coil; 
a third full-wave rectifying circuit constituted by four 
rectifying element connected to each other by 
bridging connection and connected to two terminals 
of the second transmission/reception antenna coil; 75 
a fourth full-wave rectifying circuit constituted by 
four rectifying elements, including two shared recti- 
fying elements of the third rectifying elements con- 
stituting the first full-wave rectifying circuit, 
connected to each other by bridging connection 20 
and connected to the two terminals of the second 
transmission/reception antenna coil; 
power generating means, connected to outputs of 
the first and third full-wave rectifying circuits, for 
generating power to be used inside the information 25 
storage medium; and 

first and second switching means which are respec- 
tively connected to outputs of the second and fourth 
full-wave rectifying circuits and turned on/off in 
accordance with identical transmission data to 30 
change currents in the first and second transmis- 
sion/reception antenna coils in accordance with the 
transmission data, thereby transmitting the data. 

This invention can be more fully understood form 35 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing the arrangement 
of a radio card system to which a radio card as an 40 
information storage medium according to an 
embodiment of the present invention is applied; 
FIG. 2 is a circuit diagram showing a portion, of the 
radio card of the first embodiment, which corre- 
sponds to a full-wave rectifying circuit and a modu- 45 
lation circuit; 

FIG. 3 is a circuit diagram showing a portion, of a 
radio card of the second embodiment, which corre- 
sponds to a full-wave rectifying circuit and a modu- 
lation circuit; 

FIGS. 4A to 4H are timing charts showing examples 
of operation waveforms at the main portions in a 
coding circuit in the second embodiment; 
FIG. 5 is a circuit diagram showing a portion, of a 
radio card of the third embodiment, which corre- 
sponds to a full-wave rectifying circuit and a modu- 
lation circuit; 

FIG. 6 is a circuit diagram showing a portion, of a 



radio card of the fourth embodiment, which corre- 
sponds to a full-wave rectifying circuit and a modu- 
lation circuit; 

FIG. 7 is a circuit diagram showing a portion, of a 
conventional radio card, which corresponds to a 
full-wave rectifying circuit and a modulation circuit; 
and 

FIG. 8 is a circuit diagram showing a portion, of 
another conventional radio card, which corre- 
sponds to a full-wave rectifying circuit and a modu- 
lation circuit. 

Reference will now be made in detail to the pres- 
ently preferred embodiments of the invention as illus- 
trated in the accompanying drawings, in which like 
reference characters designate like or corresponding 
parts throughout the several drawings. 

The embodiments of the present invention will be 
described below with reference to the accompanying 
drawing. 

FIG. 1 shows the arrangement of a radio card sys- 
tem to which a radio card as an information storage 
medium according to the present invention is applied. 

This radio card system can be roughly divided into 
a portable no-battery radio card 100 having a radio 
communication function and a radio card reader/writer 
200 serving as an information processing apparatus. 

The radio card 100 is designed to decode com- 
mands from the radio card reader/writer 200 and 
write/transmit data. The radio card 100 includes a loop 
transmission/reception antenna 101, a full-wave rectify- 
ing circuit 102, a smoothing/stabilizing circuit 103 serv- 
ing as a power generating means, a demodulation 
circuit 104, a modulation circuit 105, a nonvolatile mem- 
ory 106 serving as a storage means, and a control cir- 
cuit 1 07 constituted by a CPU and the like and designed 
to control these components. 

The radio card reader/writer 200 is designed to 
transmit read and write commands to the radio card 
100, process read data, and transmit write data. The 
radio card reader/writer 200 includes a transmis- 
sion/reception antenna coil 201, an amplifying circuit 
202, a demodulation circuit 203, a modulation circuit 
204, a driver 205, an interface circuit 206, and a control 
circuit 207 constituted by a CPU and the like and 
designed to control these components. 

The operation of reading data from the radio card 
100 in this arrangement will be described first. 

The control circuit 207 of the radio card 
reader/writer 200 generates a read command, and 
sends it to the modulation circuit 204. 

The modulation circuit 204 modulates the read 
command according to an arbitrary modulation scheme, 
and sends the modulated data to the driver 205. 

The driver 205 amplifies the modulated data, to the 
degree to which the data can be radiated into space, 
and then sends the data as a modulated wave to the 
transmission/reception antenna coil 201 , together with a 
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power signal for generating power in the radio card. 

The modulated wave radiated from the transmis- 
sion/reception antenna coil 201 into space is received 
by the transmission/reception antenna 101 of the radio 
card 1 00. The received wave is sent to the full-wave rec- 
tifying circuit 102. 

The full-wave rectifying circuit 102 rectifies the 
received modulated wave, and sends the rectified out- 
put to the smoothing/stabilizing circuit 103. 

The smoothing/stabilizing circuit 103 smoothes the 
output from the full-wave rectifying circuit 102 to gener- 
ate a stabilized DC voltage, and applies the voltage as 
operation power to the respective circuits in the radio 
card 100. 

Meanwhile, the demodulation circuit 104 demodu- 
lates the modulated data from the demodulated wave 
received through the transmission/reception antenna 
101, and sends the demodulated data to the control cir- 
cuit 107. 

The control circuit 107 performs command analysis 
on the basis of the demodulated data. Upon decoding 
the contents of the command as a read command, the 
control circuit 107 reads out predetermined data from 
the nonvolatile memory 106 in which data is stored, and 
sends the readout data as transmission data to the 
modulation circuit 105. 

The modulation circuit 105 modulates the transmis- 
sion data, and supplies the modulated data to the trans- 
mission/reception antenna 101 through the full-wave 
rectifying circuit 102. 

The modulated wave as the transmission data radi- 
ated from the transmission/reception antenna 101 into 
space is received by the transmission/reception 
antenna coil 201 of the radio card reader/writer 200. 

The signal received through the transmis- 
sion/reception antenna coil 201 is amplified by the 
amplifying circuit 202. The amplified signal is sent to the 
demodulation circuit 203 to be demodulated. 

The demodulated data is sent to the control circuit 
207 to be subjected to necessary processing (e.g.. 
checking whether the data is properly received, and 
checking the presence/absence of errors). Thereafter, 
the data is output outside through the interface circuit 
206. as needed. 

The operation of writing data in the radio card 100 
will be described next. 

The control circuit 207 of the radio card 
reader/writer 200 generates a write command and write 
data, and sends them to the modulation circuit 204. 

The modulation circuit 204 modulates the write 
command the write data according to an arbitrary mod- 
ulation scheme, and sends the modulated data to the 
driver 205. 

The driver 205 amplifies the modulated data to the 
degree to which the data can be radiated into space, 
and then sends the amplified data as a modulated wave 
to the transmission/reception antenna coil 201 , together 
with a power signal for generating power in the radio 



card 100. 

The modulated wave radiated from the transmis- 
sion/reception antenna coil 201 into space is received 
by the transmission/reception antenna 101 of the radio 
5 card 100. 

The full-wave rectifying circuit 102 rectifies the 
modulated wave received through the transmis- 
sion/reception antenna 101 , and sends the rectified out- 
put to the smoothing/stabilizing circuit 103. 
10 The smoothing/stabilizing circuit 103 rectifies the 
output from the full-wave rectifying circuit 102 to gener- 
ate a stabilized DC voltage, and applies it as operation 
power to the respective circuits in the radio card 100. 

Meanwhile, the demodulation circuit 104 demodu- 
75 lates the modulated data from the modulated wave 
received through the transmission/reception antenna 
101 , and sends the demodulated data to the control cir- 
cuit 107. 

The control circuit 1 07 performs command analysis 

20 on the basis of the demodulated data. Upon decoding 
the contents of the command as a write command, the 
control circuit 107 writes the write data, which is sent 
after the write command, at a predetermined address in 
the nonvolatile memory 106. 

25 A portion, of the radio card 100, which is the main 
part of the present invention and corresponds to the full- 
wave rectifying circuit 102 and the modulation circuit 
105 will be described in detail next. 

The first embodiment of the present invention will 

30 be described first with reference to FIG. 2. 

Referring to FIG. 2. the AC input terminals of a first 
full-wave rectifying circuit 1 1 constituted by diodes D1 1 , 
D12, D13, and D14 as rectifying elements connected to 
each other by bridging connection are connected to the 

35 two terminals of the transmission/reception antenna 
101. 

One DC output terminal (negative side) of the first 
full-wave rectifying circuit 11 is grounded, and the other 
DC output terminal (positive side) is connected to the 

40 input terminal of a regulator 12 as a part of the smooth- 
ing/stabilizing circuit 103. 

A smoothing capacitor 13 is connected between 
ground and the node of the first full-wave rectifying cir- 
cuit 1 1 and the regulator 12. 

45 The AC input terminals of a second full-wave recti- 
fying circuit 1 4 are connected to the two terminals of the 
transmission/reception antenna 101. The second full- 
wave rectifying circuit 14 is formed by connecting addi- 
tional diodes D1 5 and D1 6 and two shared diodes of the 

50 second full-wave rectifying circuit 14 constituting the 
first full-wave rectifying circuit 11. i.e., the two diodes 
D11 and D12 whose anodes are commonly connected 
and grounded, to each other by bridging connection. 
In this case, the first and second full-wave rectifying 

55 circuits 1 1 and 14 constitute the full-wave rectifying cir- 
cuit 102 in FIG. 1. 

The collector of an npn transistor 15 as a part of a 
constant-current driver means is connected to the other 
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DC output terminal (positive side) of the second full- 
wave rectifying circuit 1 4. 

The emitter of the npn transistor 1 5 is grounded 
through a resistor 1 6. 

An output from an exclusive OR circuit 1 7 is input to i 
the base of this transistor 15. 

Transmission data 18 supplied from the control cir- 
cuit 107 in FIG. 1 and a subcarrier 19 obtained by fre- 
quency-dividing a received carrier (carrier frequency) to 
one nth (n is an integer) are input to the respective input i 
terminals of the exclusive OR circuit 1 7. 

In this case, the transistor 15, the resistor 16, and 
the exclusive OR circuit 1 7 constitute the modulation cir- 
cuit 105 in FIG. 1. 

In this arrangement, a modulated wave received h 
through the transmission/reception antenna 101 is rec- 
tified by the first full-wave rectifying circuit 1 1 constituted 
by the diodes D11, D12, D13, and D14. The rectified 
output is sent to the smoothing/stabilizing circuit 103 
constituted by the regulator 12 and the capacitor 13. 2c 

The smoothing/stabilizing circuit 103 smoothes the 
output from the first full-wave rectifying circuit 1 1 to gen- 
erate a stabilized DC voltage, and applies it as opera- 
tion power to the respective circuits in the radio card 
100. 

The transmission data 18 supplied from the control 
circuit 107 is input to the exclusive OR circuit 17, 
together with the subcarrier 1 9 obtained by. for example, 
frequency-dividing a carrier (carrier frequency) received 
through the transmission/reception antenna 101 to one 30 
nth (n is an integer). As a result, the transmission data 
1 8 is two-phase-modulated and input to the base of the 
transistor 15. 

Since the transistor 1 5 is a part of the constant-cur- 
rent drive circuit, when a constant current correspond- 35 
ing to the two-phase-modulated transmission data is 
extracted from the output from the second full-wave rec- 
tifying circuit 14 constituted by the additional diodes 
D11, D12. D15, and D16, the antenna current in the 
transmission/reception antenna 101 is changed in 40 
accordance with the transmission data. With this opera- 
tion, the data is transmitted. 

The second embodiment of the present invention 
will be described next with reference to FIG. 3. 

The second embodiment differs from the first 45 
embodiment only in the arrangement of a modulation 
circuit 105. For this reason, the same reference numer- 
als denote the same parts in these embodiments, and a 
description thereof will be omitted. 

Referring to FIG. 3, the drain of a transistor (FET) so 
22 is connected to the other DC output terminal (posi- 
tive side) of a second full-wave rectifying circuit 14 
through a resistor 21. 

The source of the transistor 22 is grounded. 
An output from a coding circuit 23 is input to the 55 
gate of the transistor 22. 

The resistor 21 and the transistor 22 constitute a 
switching means. 



For example, the coding circuit 23 is a conventional 
biphase coding circuit constituted by a D-type flip-flop 
circuit 26, an OR circuit 27, NOR circuits 28 and 29, an 
inverter circuit 30, and the like. The coding circuit 23 
? receives transmission data 18, a first clock pulse 24, 
and a second clock pulse 25 having a frequency twice 
that of the first clock pulse 24. 

In this arrangement, a full-wave rectifying circuit 
102 and a smoothing/stabilizing circuit 103 operate in 
0 the same manner as in the first embodiment. The oper- 
ation of the modulation circuit 105 will therefore be 
described below. 

The transmission data 18 supplied from a control 
circuit 107 is coded by the coding circuit 23 and sup- 
? plied to the gate of the transistor 22. 

In accordance with this coded transmission data, 
the transistor 22 is turned on/off, thus performing a 
switching operation. 

With this switching operation of the transistor 22, 
» the current in a transmission/reception antenna 101 is 
changed in accordance with the coded transmission 
data through the second full-wave rectifying circuit 1 4, 
thereby transmitting the data. 

In this case, as described above, the switching 
means is constituted by the transistor 22, which is 
turned on/off in accordance with the transmission data, 
and the resistor 21 series -connected to the transistor 
22. The modulated current in the transmission/reception 
antenna 101, which is modulated by the transmission 
data, is substantially determined by the value of the 
resistor 21 series-connected to the transistor 22 of the 
switching means. 

FIGS. 4A to 4H show examples of operation wave- 
forms at the main portions of the coding circuit 23. 

FIGS. 4A to 4C respectively show the waveforms of 
the first clock pulse 24, the second clock pulse 25, and 
the transmission data 18. 

FIGS. 4D to 4G respectively show the waveforms of 
outputs from the NOR circuits 28 and 29. the OR circuit 
27, and the D-type flip-flop circuit 26. 

FIG. 4H shows the waveform of a transmission cur- 
rent in the transmission/reception antenna 101 . 

The third embodiment of the present invention will 
be described next with reference to FIG. 5. 

The third embodiment differs from the first embodi- 
ment in that two pairs of transmission/reception antenna 
coils are used. For this reason, the same reference 
numerals in the third embodiment denote the same 
parts as in the first embodiment, and a description 
thereof will be omitted. 

Recently, efforts have been made to standardize 
proximity type contactless IC cards complying with ISO 
standards. A scheme for realizing contactless IC cards 
has been proposed, in which two pairs of transmis- 
sion/reception antenna coils 101a. 101b, 201a. and 
201b are used, as shown in FIG. 5, to transmit power 
from a reader/writer 200 A to a (radio) IC card 100A and 
transmit/receive data therebetween by magnetic cou- 
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pling. 

According to this embodiment, therefore, there is 
provided the (radio) IC card 100A which is designed to 
generate power and transmit data and can be suitably 
applied to the scheme using two pairs of transmis- 
sion/reception antenna coils. 

Referring to FIG. 5, the first and second transmis- 
sion/reception antenna coils 201a and 201b of the 
reader/writer 200A are respectively connected to first 
and second drivers 205a and 205b and arranged 
according to a predetermined two-dimensional posi- 
tional relationship. 

The same arrangement as that in the first embodi- 
ment shown in FIG. 2 is connected to the two terminals 
of the first transmission/reception antenna coil 101a. 

Similar to the first transmission/reception antenna 
coil 101 a, the AC input terminals of a third full-wave rec- 
tifying circuit 31 constituted by diodes D21, D22, D23, 
and D24 as rectifying elements connected to each other 
by bridging connection are connected to the two termi- 
nals of the second transmission/reception antenna coil 
101b. 

One DC output terminal (negative side) of the third 
full-wave rectifying circuit 31 is grounded, and the other 
DC output terminal (positive side) is connected to the 
node of the first full-wave rectifying circuit 1 1 and a reg- 
ulator 12. 

The AC input terminals of a fourth full-wave rectify- 
ing circuit 32 are connected to the two terminals of the 
second transmission/reception antenna coil 101b. The 
fourth full-wave rectifying circuit 32 is formed by con- 
necting two additional diodes D25 and D26 and two 
shared diodes of the diodes constituting the third full- 
wave rectifying circuit 31, i.e., the two diodes D21 and 
D22 whose anodes are commonly connected and 
grounded, to each other by bridging connection. 

The collector of an npn transistor 33 as a part of a 
constant-current driver means is connected to the other 
DC output terminal (positive side) of the fourth full-wave 
rectifying circuit 32. 

The emitter of the transistor 33 is grounded through 
a resistor 34. 

An output from an exclusive OR circuit 1 7 is input to 
the base of the transistor 33. 

In this arrangement, a rectified output from the first 
full-wave rectifying circuit 1 1 and a rectified output from 
the third full-wave rectifying circuit 31 are sent to a 
smoothing/stabilizing circuit 103 to be processed in the 
same manner as described above. In addition, this 
scheme uses two pairs of transmission/reception 
antenna coils. Therefore, a more stable DC voltage can 
be generated. 

As in the above case, transmission data 18 is input 
to the exclusive OR circuit 17 to be two-phase modu- 
lated, and the modulated data is input to the bases of 
the transistors 15 and 33. 

Since both the transistors 15 and 33 are respec- 
tively parts of the constant-current drive circuits, when 



constant currents corresponding to the two-phase- mod- 
ulated transmission data are extracted from outputs 
from a second full-wave rectifying circuit 14 constituted 
by additional diodes D1 1, D12, D15, and D16 and the 

5 fourth full-wave rectifying circuit 32 constituted by 
diodes D21, D22, D25, and D26. the antenna currents 
in the first and second transmission/reception antenna 
coils 101a and 101b are changed in accordance with 
the transmission data. With this operation, the data is 

w transmitted. 

The fourth embodiment of the present invention will 
be described next with reference to FIG. 6. 

Similar to the third embodiment, the fourth embodi- 
ment differs from the second embodiment in that two 

15 pairs of transmission/reception antenna coils are used. 
For this reason, the same reference numerals in the 
fourth embodiment denote the same parts as in the sec- 
ond and third embodiments, and a description thereof 
will be omitted. 

20 Referring to FIG. 6, the drain of a transistor (FET) 
36 is connected to the other DC output terminal (posi- 
tive side) of a fourth full-wave rectifying circuit 32 
through a resistor 35. The source of the transistor 36 is 
grounded. An output from a coding circuit 23 is input to 

25 the gate of the transistor 36. 

In this arrangement, transmission data 18 is coded 
by the coding circuit 23 and supplied to the gates of 
resistors 22 and 36. 

With this operation, the transistors 22 and 36 are 

30 simultaneously turned on/off in accordance with the 
coded transmission data, thus performing switching 
operations. 

With the switching operations of the transistors 22 
and 36, currents in first and second transmission/recep- 

35 tion antenna coils 101a and 101b are changed in 
accordance with the coded transmission data through 
second and fourth full-wave rectifying circuits 14 and 32, 
thereby transmitting the data. 

As has been described above, according to the 

40 above embodiments, the no-battery radio card can effi- 
ciently generate internal power from received radio 
waves, and can efficiently transmit data while sharing 
some diodes of the full-wave rectifying circuit. 

In addition, since the data transmission method is 

45 independent of the power generating means, data can 
be transmitted without being influenced by the capacity 
of the smoothing capacitor and the amount of current 
consumed. 

In the prior art shown in FIG. 7, although transmis- 
50 sion can be efficiently performed, a serious problem is 
posed in terms of the voltage drop loss of received 
power which is caused by the diode 4. The above 
embodiments can solve this problem. 

In the prior art shown in FIG. 8, a voltage having an 
55 amplitude twice or more that of a rectified output voltage 
is applied between the two terminals of the transistor 10 
for transmission, a problem is posed in the formation of 
an IC. The data transmission circuit of each embodi- 
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ment described above can also solve this problem. 

On the no-battery radio card side, data with a rela- 
tively low degree of modulation is transmitted while 
radio waves are received to generate power. The data 
can be properly received and demodulated on the 5 
reader/writer side by modulating the transmission data 
into a two-phase-modulated signal on the card side by 
using a frequency which is one nth (n is an integer) a 
carrier frequency and obtained by frequency-dividing 
the carrier frequency by at least 1/8 in synchronism with w 
the received radio wave. 

In each embodiment described above, as shown in 
FIGS. 4A to 4G, transmission data as an NRZ (nonre- 
turn to zero) signal is subjected to differential biphase 
coding to allow proper reception and demodulation of is 
even transmission data with a low degree of modulation 
on the reader/writer side. 

If identical transmission data are transmitted from 
the first and second transmission/reception antenna 
coils, the data can be stably received on the radio card 20 
reader/writer side by providing a reception amplifying 
circuit and a demodulation circuit for one of the oppos- 
ing two transmission (reception) antenna coils on the 
radio card reader/writer side. 

In addition, according to each embodiment 25 
described above, since the full-wave rectifying circuit for 
generating power and the full-wave rectifying circuit for 
transmitting data are not separately arranged, but share 
some components, the circuits can be greatly simplified. 

Each embodiment described above is character- 30 
ized in that the switching means included in the trans- 
mission control means is constituted by the transistor 
which is turned on/off in accordance with transmission 
data, and the resistive element series-connected to the 
transistor, and the modulated current based on the 35 
transmission data and flowing in the transmis- 
sion/reception antenna coil is substantially determined 
by the value of the resistive element series-connected 
to the transistor of the switching means. 

As has been described in detail above, according to 40 
the present invention, there is provided a no-battery 
information storage medium having a radio communica- 
tion function of capable of efficiently generating internal 
power from received radio waves, and efficiently trans- 
mitting data while sharing some rectifying elements of a 45 
full-wave rectifying circuit. 

Claims 

1. A no-battery information storage medium (100) so 
having a radio communication function of receiving 
power while receiving an externally transmitted 
radio wave as modulated data, and transmitting 
data outside said information storage medium, 
comprising one transmission/reception antenna coil 55 
(101) for performing transmission/reception, a first \ 
full-wave rectifying circuit (11) constituted by four 
rectifying elements connected to each other by 



bridging connection and connected to two terminals 
of said transmission/reception antenna coil, and 
power generating means (103), connected to an 
output of said first full-wave rectifying circuit, for 
generating power to be used inside said information 
storage medium (100), characterized in that said 
information storage medium (100) further com- 
prises. 

a second full-wave rectifying circuit (14) consti- 
tuted by four rectifying elements, including two 
shared rectifying elements of said four rectify- 
ing elements constituting said first full-wave 
rectifying circuit (11), connected to each other 
by bridging connection and connected to the 
two terminals of said transmission/reception 
antenna coil (101); and 

transmission control means (105), connected 
to an output of said second full-wave rectifying 
circuit (14), for substantially changing a current 
in said transmission/reception antenna coil in 
accordance with transmission data, thereby 
transmitting the data. 

2. A medium according to claim 1, characterized in 
that said transmission control means (105) com- 
prises constant-current driver means (15, 16). con- 
nected to the output of said second full-wave 
rectifying circuit (14), for extracting a predetermined 
current from an output of said second full-wave rec- 
tifying circuit (14) in accordance with the transmis- 
sion data, thereby transmitting the data. 

3. A medium according to claim 1 , characterized in 
that said transmission control means (105) com- 
prises switching means (21 , 22) which is connected 
to the output of said second full-wave rectifying cir- 
cuit (14) and turned on/off in accordance with the 
transmission data to change a current in said trans- 
mission/reception antenna coil (101) in accordance 
with the transmission data, thereby transmitting the 
data. 

4. A medium according to claim 2, characterized in 
that the transmission data is two-phase- modulated 
by using a frequency which is one nth (n is an inte- 
ger) a carrier frequency of a reception radio wave 
received through said transmission/reception 
antenna coil (101 ) and obtained by frequency-divid- 
ing the carrier frequency by at least 1/8 in synchro- 
nism with the reception radio wave, and is 
transmitted from said transmission/reception 
antenna coil (101) through said constant-current 
driver means (15, 16). 

5. A medium according to claim 2, characterized in 
that the transmission data is transmitted from said 
transmission/reception antenna coil through said 
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constant-current driver means (15, 16) after prede- 
termined coding of the data is performed. 

6. A medium according to any one of claims 1 to 5, 
characterized in that said two rectifying elements, 
of said first full-wave rectifying circuit (11), which 
are shared by said second full-wave rectifying cir- 
cuit (14) are two rectifying elements (D11, D12) 
each having one electrode commonly connected 
and grounded. 

7. A medium according to claim 3, characterized in 
that said switching means (21, 22) comprises a 
transistor (22) which is turned on/off in accordance 
with the transmission data, and a resistive element 
(21 ) series-connected to said transistor, and a mod- 
ulated current in said transmission/reception 
antenna coil (101) which is modulated by the trans- 
mission data is substantially determined by a value 
of said resistive element (21) series-connected to 
said transistor (22) of said switching element (21, 
22). 

8. A medium according to claim 1. characterized in 
that said information recording medium further 
comprises: 



H415A2 16 

10. A medium according to claim 8, characterized in 
that said transmission control means (105) com- 
prises first and second switching means (21, 22, 
35, 36) which are connected to outputs of said sec- 

5 ond and fourth full-wave rectifying circuits (14, 32) 

and turned on/off in accordance with identical 
transmission data to change currents in said first 
and second transmission/reception antenna coils 
(101a, 101b) in accordance with the transmission 

10 data, thereby transmitting the data. 

11. A medium according to any one of claims 8 to 10, 
characterized in that said two rectifying elements, 
of each of said first and third full-wave rectifying cir- 

15 cuits (1 1 , 31), which are shared by said second and 
fourth full-wave rectifying circuits (14, 32) are two 
rectifying elements (D11, D12, D21, D22) each 
having one electrode commonly connected and 
grounded. 

20 



25 



a second transmission/reception antenna coil 
(101b) for performing transmission/reception; 
a third full-wave rectifying circuit (31) consti- 30 
tuted by four rectifying elements connected to 
each other by bridging connection and con- 
nected to two terminals of said second trans- 
mission/reception antenna coil (101b); and 
a fourth full-wave rectifying circuit (32) consti- 35 
tuted by four rectifying elements, including two 
shared rectifying elements of said four rectify- 
ing elements constituting said third full-wave 
rectifying circuit (31), connected to each other 
by bridging connection and connected to the 40 
two terminals of said second transmis- 
sion/reception antenna coil (101b), and 
said power generating means (103) is con- 
nected to outputs of said first and third full- 
wave rectifying circuits (11, 31) to generate 45 
power used inside said information storage 
medium (100). 

9. A medium according to claim 8, characterized in 
that said transmission control means (105) com- so 
prises first and second constant-current driver 
means (15, 16, 33, 34), connected to outputs of 
said second and fourth full-wave rectifying circuits, 
for extracting predetermined currents from outputs 
of said second and fourth full-wave rectifying cir- 55 
cuits (14, 32) in accordance with identical transmis- 
sion data, thereby transmitting the data. 



9 



BNSDOCID: <EP_0831415A2_I_> 



EP0 831 415 A2 



o 
o 



CD — 



O CD O 

o << cc 

CO CO o 

— — — 



o 



LO 

o 



o 



CO 
CD 



C\J 



CD 

Jif=B 

—I CD OC 
ZD LU — 

u- cr o 



o 



53 

DO 
SO 



Lf_-A 









o 








I, 


I >. 


Q ID 






o 


LU — 




O O 



I — 






ID 




LLI 






-J 


£ 












O 





5. 


I 




O QC 


o 




> O 


1 




O LU 








o 






o 







e 

o 

QC 
LU 



I 



CD 



CD 
O 
CvJ 



LO 

o 

CvJ 



OO 

o 

Cvl 



CSJ 

o 

CVJ 



NG 




ION 






h- 




► 


— i 


AMPL 
CIRC 




DEMODl 
CIRCU 





10 

BNSDOCID: <EP 0831415A2J_> 



EPO 831 415 A2 



,103 CIRCUIT 




TO DEMODULATION 



TO EACH 
1 CIRCUIT 



105 

FIG. 2 




4 ^STABILIZING 

POWER SUPPLY 



SECTION 



-TRANSMISSION DATA 



FIG. 




3Ne 



STABILIZING 
POWER SUPPLY 
SECTION 



TRANSMISSION DATA 



FIG. 8 



11 



BMSDOCID: <EP 0B3 1 41 5A2J_> 



EP0 831 415 A2 




12 

BNSDOCID: <EP 0831415A2J_> 



EP0 831 415 A2 



j-y-y^j-yXnjlJ^^ clock pulse 24 

FIG. 4A 



SECOND CLOCK PULSE 25 



FIG. 4B 



J L 



J 



"^TRANSMISSION DATA 1 8 



FIG. 4C 



r-, r-. r-i n n --OUTPUT FROM 

_ p n n n n — ^Tnor circuit 28 



FIG. 4D 



n n 



,-OUTPUT FROM 
NOR CIRCUIT 29 



FIG. 4E 



njijinjT_R_Ji^ ( 0UTPUT FR0M 



OR CIRCUIT 27 



FIG. 4F 



n__n_j — i i ~ 



OUTPUT FROM 
FF CIRCUIT 26 
(CODED DATA) 



FIG. 4G 




^TRANSMISSION CURRENT 
IN TRANSMISSION/ 
RECEPTION ANTENNA IOI 



FIG. 4H 



13 



BNSDOCID: <EP OB31415A2J_> 



EP0 831 415 A2 




14 

BNSDOCID: <EP 0831415A2_t_> 



EP0 831 415 A2 




BNSDOCID: <EP 0831415A2_I_> 



15 



(19) 



(12) 



(88) Date of publication A3: 

03.03.1999 Bulletin 1999/09 

(43) Date of publication A2: 

25.03.1998 Bulletin 1998/13 

(21) Application number: 97114751.7 

(22) Date of filing: 26.08.1997 



Europaisches Patentamt 
European Patent Office 

Office europeen des brevets (11) EP0831415 A3 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 6 : G06K 7/08, G06K 19/07 



(84) Designated Contracting States: 

AT BE CH DE DK ES F1 FR GB GR IE IT LI LU MC 
NL PT SE 

Designated Extension States: 
AL LT LV RO SI 

(30) Priority: 20.09.1996 J P 250154/96 

(71) Applicant: 

KABUSHIKI KAISHA TOSHIBA 
Kawasaki-shi, Kanagawa-ken 210-8572 (JP) 



(72) Inventors: 

• Yokota, Tsuneshi, 

c/o Kabushiki Kaisha Toshiba 
Tokyo 105 (JP) 

• Iwata, Kazuki, 

c/o Kabushiki Kaisha Toshiba 
Tokyo 105 (JP) 

• Sudo, Kiyohito, 

c/o Kabushiki Kaisha Toshiba 
Tokyo 105 (JP) 

(74) Representative: 

Blumbach, Kramer & Partner GbR 
Radeckestrasse 43 
81245 Munchen (DE) 



CO 
< 



CO 
CO 

o 

LLI 



(54) No-battery information storage medium capable of efficiently transmitting data 



(57) A no-battery information storage medium ( 1 00) 
has a radio communication function of receiving power 
while receiving an externally transmitted radio wave as 
modulated data, and transmitting data outside the 
medium. One transmission/reception antenna coil (101) 
performs transmission/reception. A first full-wave recti- 
fying circuit (11) is constituted by four rectifying ele- 
ments connected to each other by bridging connection 
and connected to the two terminals of the transmis- 
sion/reception antenna coil (101). A second full-wave 
rectifying circuit (14) is constituted by four rectifying ele- 
ments, including two shared rectifying elements of the 
four rectifying elements constituting the first full-wave 
rectifying circuit (1 1), connected to each other by bridg- 
ing connection and connected to the two terminals of 
the transmission/reception antenna coil (101). A power 
generating means (103) is connected to the output of 
the first full-wave rectifying circuit to generate power to 
be used inside the information storage medium (100). A 
transmission control means (105) is connected to the 
output of the second full- wave rectifying circuit (14) to 
substantially change a current in the transmis- 
sion/reception antenna coil in accordance with trans- 
mission data, thereby transmitting the data. 
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